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i. Introductory Remarhs.

Three years ago the Rev. T. E. E. Stebbing, in his most useful

book " A History of Crustacea, llecent Malacostraca " (The
Intern. Scient. Ser. vol. Ixxiv.), writes on the genus Sergestes :

—
" The species known as adults are very numerous, of very various

sizes The account of the genus occupies eighty-eight quarto

pages and seventeen plates of fcSpence Bate's ' Eeport on tlie

Challenger Macrura.' It was the subject of a monogra])li by
Kriiyer in 1856, and the interest of the subject seems still very
far from being e:^hausted." That the supposition in the last line

of this quotation is correct will be proved by this Uttle treatise.

Besides the large section of Bate's ' Challenger Macrura ' aud
Kroyer's monograph, almost a score of papers contain contributions

to the laiowledge of this interesting genus ; but for all that no
otlier group or extensive geiuis of Docapoda has been up to tins

time so incompletely studied. This will be plainly recognized when
the chief results of this paper are stated

—

these are that of the 5t)

{or 60) hitherto described species only ahout 20, or one-third of the total

number, have been established on adult animals, such as have almost or

entirely arrived at sexual maturity; and that almost all the other species

are true larvw, and even of these a considerable portion are larval stages

of species already established on adult specime^is, ivhile of the 20 species

founded on adult specimens 2 with good reason ivill be excluded

and at least 4 must be cancelled as synonyms ! The authors, who
have established new species and have avoided describing or at

least acknowledging larvo) as real adult species, only make mention
of large or very large specimens aud, in all probability, have not
studied smaller forms.

To throw some light upon the older larval stages of the species,

distinguishing between the larvae and the adults, referring a series

of the larvte to the adult forms, examining the value and variation

of different characters, &c., will be the aim of this short treatise.

' Oommunicated by the Rev. T. R. R. Stebbing.
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Several years ago, when trying to determine the very rich

material of pelagic forms (among them also the type specimens

of the 15 species described by Kroyer) preserved in the Zoological

Museum of the University in Copenhagen, I discovered the value

of numerous species, but I had no mind to write any preliminary

note on the question. Since then I have not had the time necessary

for working out a monograph (requiring some huudred figures)

;

but seeing now that at least during some years I shall be very

much engaged with other worlc, while authors continue to describe

larvaj as well-established new species, I have thought it convenient

to write this communication. A monograph will, nevertheless, be

extremely desirable, for of most species and larval stages new full,

and accurate descriptions and new figures, much better than the

existing ones, must be worked out. Many of the described forms

it is impossible to recognize with certainty without a re-examina-

tion of the type specimens. A monograph must also be based

upon the investigation of the collections in the few museums
which possess rich material of jielagic Crustacea ; it will be rather

toilsome, but very roniuncrative, as at tlio present time it is

scarcely possible within any other group of Decapoda to elucidate

a large portion of the development of almost two-thirds of the

species.

The genus Scrgestes is nowgenerallj' referred to a separate family,

the Sergestidce. To this also the following genera have been
transferred]: Sciacaris, Bate ; Petalidium, Bate: Acetes, H. M.-Edw.

;

and Leiwifei; Vaugh. Thoraps. On Sciacaris and PeUdidium some
remarks will be communicated in the following pages ; the two
other genera I must omit on this occasion, though much addition

to our knowledge could be given. Leucifer has been treated at

great length by Bate, who admits only 2 species, but 4 species are

preserved in our museums. Of Acetes 2 species are known (one

of which has not been examined since 1837), but we possess

6 species, the distinctive characters of which are very curious ; it

is, however, impossible to give a good idea of the species of these

two genera without a considerable number of figures.

Before concluding tliese few remarlcs I desire to offer my sincere

thanks to Prof. Dr. K. Brandt (Kiel) and Qeheimrath Prof. Br. 11.

Leuckart (Leipzig), who lent me two type specimens, and espe-

cially to Geheimrath Prof. Dr. V. Hensen (Kiel), who lent me
examples of 4 Plankton species, and Prof. Dr. C. Chun (Breslau),

who, on my request for the loan of type specimens of two species,

favoured me with his whole finely preserved material collected by
himself, chiefly with a closure-net, " Schliessnetz," at the Canary
Islands and at Eagusa and Lesina in the Adriatic.

ii. The Ilisionj of the Genus.

As 0. Spence Bate and A. Ortmann, the last two authors who
have given an apparently but not really complete enumeration of

the known species, have overlooked several publications, and as
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other contributions have been published during the last few years,

it will be convenient to give a short account of all the papers

containing descriptions of new species, and, moreover, to make

some few remarks on the most important contributions treating of

the development. Papers which contain no descriptions of new
species, and generally are but of litlle interest for our knowledge

of the genus, are omitted.

The genus Sergestes was established by H. Milne-Edwards in

1830 (" Descr. d. genres Glaucothoe, Sicyonie, Sergeste et Ac^te,"

Ann. d. Sc. Natur. t. xix.) with one new species, and in his Hist.

Natur. d. Crust, t. ii. 1837, he does not know more species. —In

1850 fx. de Natale (Descriz. zool. d'una nuova specie di Plojaria et

di alcune Orostacei del porto di Messina) described and figured one

new species. —In 1855 H. Kriiycr published preliminary de-

scriptions (" Bidrag til Kundsljab om Krasbsdyrslasgten Sergestes,

Edw.," Overs. K. D. Vidensk. Selsk. Eorhandl. i 1855) of 15 new
species, and in 1859 his well-known monograph (" Forsog til en

monographisk Fremstilling af Krsebsdyrslasgten Sei-gestes, Med.
Bemcerkninger om Decapodernes Iloreorganer," K. D. Vidensk.

Selsk. Skrifter, 5Eaekke, Nat. Math. Afd. iv. 2) containing full

descriptions and numerous figures of the same 15 species. The

descriptions are worked out with his usual care, and both tlicso

and the plates surpass almost all subsequent contributions ; but

his scanty material of most species and complete ignorance of the

development have given rise to the error, at that time very

excusable, of treating larvae as adult species. Of corrections I

shall only here mention that 3 of his species do not belong to the

genus (see later on) ; and that when he states that the examples

of S. serritlatus, S. caudatus, and ^. luciniatus were captured in the

Kattegat oH Denmark, this is absolutely a mistake, all 3 species

originating in tlie subtroi)ical or tropical seas.— In 1801

\V. Stimpson publisJied (" I'rodrom. descr. animal, evertebr., quae in

Exped. ad Ocean. I'acitic. Septentrion. . . .," Proceed. Acad. Nat.

Sc. Philadelphia, 1860) shorter descriptions of 5 new species, one

of which he transferred to a new genus, Sergia, which must be

cancelled as being of no value at all. —In 1875 A. Metzger

(" Crustaceen aus d. Ordnungeu Edriophthalmata und Podoph-

thalmata," Jahresber. der Connnission zur wiss. Unters. der

deutschen Meere in Kiel fiir die Jahre 1872, 1873 : Berlin, 1875)

established one new species. —In 1881 C. Spence Bate published

(" On the Peuajidea," Ann. & Mag. Nat. Hist. ser. 5, vol. viii.)

preliminary descriptions of 4 new species (and of the now genus

Fetalidium), all from the ' Challenger ' ; the paper is of some

importance for the priority of at least one of the names. In

1888 Bate's above-mentioned large contribution in the 'Challenger'

lleport, vol. xxiv., was issued. Together with the species in the

preliminary paper he describes in all 24 new species of Sergestes,

but figures only 18 of them; next he gives an extract of the

Kroyerian descriptions and a new representation of 7 of Kroyer's

species examined by himself. He indicates " Greenland " as the
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locality for all the animals described by Kriiyer, though only one of

Kroyer's species was taken in that neighbourhood —a curious

mistake which has already been corrected by Ortmann. He
cancels 2 of Kroyer's species, but one of the two, S. arciicus, is a
valid species. Bate also employs numerous pages and several

plates in the representation of larval stages (see later on). This
large contribution is of course of great importance, but unfortu-

nately neither the descriptions nor the figures are so good as could

bo wished, and in numerous instances (see later on) a re-exami-

nation of the type specimens is absolutely necessary —the greater

part of the now species are but larvse. Besides the genus
Petalidium he also establishes the genus Sciacaris, each of these

containing one sj)ecies. The latter genus is of no value, it is but a

SergestesAarva. —For some small but classical contributions we
are indebted to S. I. Smith. In 1882 he gives (" Eeport on the
Eesults of Dredging, und. the supervis. of Al. Agassiz . . .," Bull, of

the Mus. of Compar. Zool. vol. x.) the correct branchial formula of

S. arcticus, Kr., and an excellent description with good figures of a
new species ; in 1884 ("Eep. on the Decap. Crust, of the Albatross

Dredgings ... in 1883," U. S. Comm. of Pish and Fisheries, pt. x.;

Eep. f. 1882) he describes a new species and gives figures of

S. arcticus, Kr., and S. robustus. Smith; in 1886 ("Eep. on the

Decap. Crust. ... in 1884," U. S. Comm. of Fish and Fisheries,

pt. xiii. ; Eep. f. 1885) he communicates a plate with figures of

earlier described species. —In 1888 C. Chun ("Die pelag. Thierwelt

in gross. Meerestiefen . . .," Bibliotheca Zoologica, B. 1) describes

and figures one new species, captured with a " Schliessnetz," and
in 1885) ("Bericht iib. eine nach d. Canarischen Inseln im Winter
1887-88 ausgef . Eeise," Sitzungber. d. k. I'reuss. Akad. d. Wissensch.

zu Berlin, Jahrg. 1889) another and very curious new species.

—In 1891 J. Wood-Mason (" Nat. Hist. iSTot. from H.M. Indian

Marine Survey Steamer ' Investigator,' " Ann. & Mag. Nat. Hist.

6th ser. vol. vii. 1891 and vol. viii. 1891) establishes two new
species ; and, as a continuation of the same publication, A. Alcock
and A. E. Anderson in 1894 (Jom-n. Asiat. Soc. of Bengal,

vol. Ixiii. 1894) describe a third new species, of which a figure

was published later on, in 1895 (Illustrations of the Zool. of the

E. Ind. Mar. Surv. Steamer ' Investigator': Calcutta 1895). —In
]893 A. Ortmann (" Decapoden und Schizopoden," Ergebnisse d.

Plankton-Exped. d. Humboldt-Stiftung, B. ii. G. b.) gives a more
important contribution, containing descriptions and figures of 2
new species, additional notes and corrections on several earlier

known species, and the cancelling of 3 names as synonyms ; he also

tries to make up an analytical key of most of the known species,

distributing them into the genera iSeiyestes and Serf)ia, but as the

greater part are larval forms with several of the characters

changing from stage to stage, the keys are of no value. —Finally

W. Faxon in 1893 (" Prel. Descr. of new Spec, of Crust. —Eep. on
the Dredg. Operat. off the West Coast of Centr. America . . .,"

Bull, of the Mus. of Compar. Zool. vol. xxiv.) describes 3 new
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species. In the full treatment (" The Stalk-eyed Crustacea. —Eep.
on an Explor. off the West Coast of Mexico . . .," Mem. of the

Mus. of Compar. Zool. vol. xviii. 1895) he communicates extensive

descriptions and a series of figures of the same 3 species, but he
withdraAVs 2 of them as synonyms to earlier known forms ; one of

these, jS. Jialia, must, however, be re-established.

'L'he result is that of Scrr/estes and Serr/ia, taken together,

59 species have been established, of Sciacaris 1—in all CO species,

of which 7 have been withdrawn by various authors, but only 5

with good reason ; so that we have the preliminary result : 55

species.

The development of Sergestes was first and most fully eluci-

daled by C. Claus. In 18G3 (" Ueber eiuige Schizop. und niedere

Malacostraken Messina's," Zeitschr. f. wiss. Zool. B. xiii. 1863)
Claus describes a larva which he names AcaniJiosoma, without,

however, being able to indicate its relations ; but he (pp. 437-

439) correctly refers Mastigopus, Leuckart (1853), to a larva of

Sergestes. In 1876 (Untersuch. zur Erforschung der Geneal.

Grundlage des Crustaceen-Systems) he shows all the principal

features of the metamorphosis : he has found a Protozoea-&ia.ge,

and states the zoea described by Dohrn as Elaphocaris, Acan-

tJiosoma, and Mastigojms to be successive stages of the deve-

lopment. One point is of special interest, viz. his statement that

the two posterior pairs of trunk-legs, which are well developed

with long exopods in the Acanthosmna, are thrown off by the

moulting to the Mastigopus-stnge, and then grow out again ; they

become " sichtbar als kurze Schlauche, die wir an griisseren und
iilteren Larven in verschiedenen Uebergangsstufen zu kleinen

Piissen sich entwickeln sehen" (Zeitschr. w. Zool. p. 438). —Some
months before the " Untersuchungen " of Claus appeared v.

Willemoes-Siihm published (" Prelim. Eemarks on the Development
of some Pelagic Crust.," Proc. Eoy. Soe. Lond. vol.xxiv. 1876, and
Ann. & Mag. Nat. Hist. ser. 4, vol. xvii.) a short paper, in which

he states that Elaphocaris, Dohrn, is the zoea of Sergestes, and that

the development passes through an AmijJiion-stage &c. ; but on the

Mastigo2nis-&tage and its want of the two posterior pair of trunk-

legs he says nothing. —In Bate's ' Challenger ' Eeport 30 pages

and several plates are occupied by the representation of a series of

Elaphocaris, Acanthosoma, Mastigojms, and considerations about the

development. On p. 383 he says :
" By tracing the several stages,

we may safely conclude, from the direct structural affinities, that

Mastigopus is a young Sergestes." This is correct, but when he
really tries to establish any limit between Mastigopus and Sergestes

he is not fortunate, nay, in the description of Serg. longispinus.

Bate (pp. 417-18), he even writes :
" The fourth and fifth pairs are

entirely absent," and later on he is " inclined to think that their

absence is owing to the early stage of development " ; thus his

Sc.rg. longispinus is a young Mastigopus with the legs referred to

still less developed than in the form he in the earlier part (pp. 376-

77) describes as Mastig. acetiformis, Bate. Thus the differences



1896.] OF THE GENUSSBRGBSTBS. 941

between Mastigopus and Sergestes have not been apprehended by
Bate. —In 1893 A. Ortmann (in his above mentioned paper) gives

a general view of the development of Sergestes ; on p. 68 he says

that the reduction of the two posterior pairs of trunk-legs in

Mastigopus "ist der hauptsachliche Unterscliied von der erwachs-

enen Sergestes-Form," which in this draught is rather obscure, and
this author has also accepted the larvae described by his prede-

cessors as adults, as being valid species of Sergestes.

iii. TJie adult Sergestes and Mastigopus.

No author has put or answered the question how to decide

whether a specimen of a Sergestes is really adult. At first sight

this does not seem to be the case. Long ago Milne-Edwards
discovered an organ only found in the adult (or subadult) male,

viz. a large and very complicated appendix on the first pair of

pleopods, the so-called " petasma," and Kroyer added the peculiar

development of Ihe exterior flagellum of the antennuloj. Later

on Bate, Smith, Wood-Mason, and Faxon have found similar

structures in some species. But it is interesting to observe that

all the species in which these structures have been found, or, in

other words, the species of which the male sex has been deter-

mined, are comparatively large, at least 15-25 mm. in length and
sometimes much longer, that they all possess short eye- stalks with

rather small or very small and totally Mack eyes, and that they have

the fifth pair of trunk-legs tolerably developed and tlie fourth pair

rather long and fringed with numerous long cilia ; while in most of

the described species no petasma and no transformation of the

exterior flagellum of the anfennulsB have been found, and all these

species are rather small, rarely more than 4-15 mm. long, almost

all with rather long or long eye-stalks, rather large or large eyes,

all with the eyes either totalli/ yellmvish (or whitish) or at most with

a blackish spot in the interior, and the fourth and especially the fifth

pair of trunk-legs rather short or even rudimentary. When
Kroyer published his monograph the development was quite

unknown, and not being able to find any male specimen of

numerous species he believed that his specimens were females.

Bate and Ortmann, who later on studied collections many times

richer than that examined by Kroyer, do not mention having

met with any male of any of the numerous smaller species

!

These results suggest that the smaller species must offer some
peculiarity.

The collection of Sergestes in the Zoological Museum of the

University in Copenhagen is very large, 300 bottles and tubes

(each containing all the specimens of a species from the same
locality) ; all the animals, with extremely few exceptions, have been

collected with surface-nets. Trying to discriminate and determine

the forms, I soon took notice of the fact that among an enormous
material (98 tubes) of S. atlanticiis, M. Edw., with black eyes, not

rarely were found somewhat smaller specimens with pale or
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yellowish eyes, which possessed a shape recalling somewhat the

very curious, ovate, and obliquely implanted, but much larger eyes

in S. ancylops, Kr. The result of further comparison was that

every conceivable intei-mediate itucje betiveen the small S. ancylops, Kr.

(with its abnormal eyes, its rudimentary last pair of trunk-legs,

and its doreal spines on some of the abdominal segments, Ac),

and large, mature specimens ofH. atlanticus, M.-Ediv. (S. frisii, Kr.),

ivas found. "We possess S. ancylops from 17 localities, and
in 10 of these it was taken in company with larger transition-

stages to, or completely developed specimens of, S. atlanticus.

That typical specimens of yS. ancylops and transition-stages

to the black-eyed form do not possess any petasma, scarcely

needs mention, but neither was it found in the smallest of the

black-eyed specimens. The result was that S. ancylops, Kr., must

be considered as the Mastigopus-Bifigei of S. atlanticus, M.-Edw.,

and that the idea of Mastigopus must be extended to embrace such

stages as only diifer from the Masiigopus of Claus, Bate, and
Ortmann in having the fourth and fifth pairs of trunk-legs some-
what longer, while their eyes in shape and colour have still

preserved the essential characters of the Masiigopiis. And with

that I had gained a result rendering it easy to study the alterations in

shape and armature of all the various parts of the animal during its

development, and a starting-point for the consideration of other

species. Soon afterwards 1 made out that S. rinJdi, Kr., is the

Mustigopxis of S. arcticus, Kr., &c. And now let us look at the

characters of the larva3 in contradistinction to those of the adult

animals.

When a species is mature the male sex always possess a large

petasma and—so far as we kuow—a peculiar development of the

exterior ilagellum of the anteunulfB. For the females I have not

found any character of discriminative value. But while the well-

developed petasma is necessary to decide the real maturity of

the male, and the female must have readied the same length as the

adult male before it can be admitted as being mature, such

comparison is not necessary for the decision of the question whether a

specimen wiihoxit a petasma has arrived at the adult stage —viz. that

its different parts, such as shield with rostrum, eyes, external maxil-

lipeds and legs, uropods, telson, ^'c. have almost or totally assumed

the shapie to lie found in the mature and sometimes unknown form —or

ivhether it must be considered as a larva. As declared in the

introductory remarks, about two-thirds of the established species

are but larvse ; in reality they present several characters immediately

stamping them as such, and, furthermore, they show peculiarities

which indicate very difiereiit stages of metamorphosis. In a

multitude of " species " dorsal spines on some or almost all the

abdominal segments are present, and such spines only exist in tlie

larval stages, but in many older larvae the abdomen is quite smooth.

In the adults the rostrum is rather short or very short, but,

especially in the younger Mastigopus-iormB, it is most frequently

long or even very long. In the larvse the fourth and fifth pair of
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legs are at least shorter, more slender, and with fewer hairs than in

the adults. But the hest distinction between the larvae and the

adults is, as hinted above, the shape and especially the colour of

the eyes : in the larvs3 the eye-stalks are almost always long, the

eyes are rather large, or even very large, and have an oblique and
more or less fungiform shape ; while in the adults the eye-stalks are

rather short, and the eyes smaller, more regularly globular, and
sometimes but slightly thicker than the distal end of the stalk ; in

all larva; the eyes arc yellowish (or wliitisli), and hlaclc jyigmenij when
present, is only found in the interior and very remote from the cornea,

ivhile in the adidts the eyes are totally black, ]iut it must bo

emphasized that even when the black eyes are acquired and all other

larval characters have been lost, the animals are still immature, as

the petasma is developed somewhat later, and the petasma itself

does not become completely developed at once to its final shape.

Por the rest, more or less conspicuous alterations in all parts of

the body and the limbs take place during the development from
the youngest Mastir/ojnis-stage to the adult Serc/estes, but it is

impossible to give a full elucidation without numerous ligures.

Besides, the species show considerable differences in development

:

thus, for instance, the dorsal abdominal spines are in some species

lost when the Mastiyopus is not half-grown, while in other species

they are preserved till the Mastigopus is almost full-grown and the

colour of the eyes alters, &c. Therefore I do not attempt to

give a general picture of the metamorphosis, but I will refer the

reader to the following more special, but short treatment of the

species.

Next we arrive at three fresh considerations : (1 ) the separation

of the adult species from each other; (2) the discrimination of the

larva;, so that the different stages of the same Mastigopus may be

referred to each other and separated from other larvfe ; and

(3) the reference of any given Mastigopus to its species of Sergestes.

In the literature of the subject numerous characters have been

used, but some of them are only applicable to the adults, others to

the larval forms, and several good characters proposed by Kro er

and S. I. Smith have been overlooked, or at least not used with

sufficient accuracy, by most authors. The whole question of the

characters must be re-examined.

For the characterization of the adult species must be used

differences in the following structures : —the shape of the rostrum,

absence or presence of supra-ocular spine, hepatic spine, and gastro-

hepatic groove on the carapace, shape and size of the eyes, the

relative length of the 3 joints of the antenn. ped.', their size, and the

shape of the basal one, the shape of the apical part of the squama,

the length and structure of mxp.' (whether the 4 proximal joints

are similar to those jn trl.' or are obviously incrassated, the arming

' In order to abridge the descriptions, I in the following pages make use of

some abbreviations: —antenn. ped. = peduncle of the antennulte, mxp.'=tho
third pair of maxillipeds, trl.'-trl.*=the first to the fifth pair of trunk-legs,

ext. br. of urp.=external branch of the uropods.

Piioo. ZooL. Soo.~- 1896, No. LXI. 61
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or furnishing with seta3 or spines of the two distal joints, and the

division of the sixth joint into 4, 5, 6, or 8 subjoints, &c.), the

number and size of the branchiDe or lamellse above trL^ and trL', the

difference in shape and the furnishing with cilia along the exterior

margin of ext. br. of urp., finally sometimes the coarseness or

elenderness of the body. Especially mxp? offers most valuaUe and

very neyleded dfferences. (Of course it will also be possible to

detect good characters in other parts, f . inst., in the structure of the

5 pairs of trunk-legs, and one difference is used in the following

discussion ; the petasma also exhibits characters, but this curious

organ it is impossible to describe and make use of without figures.)

It will, for the rest, be necessary to examine the animals much more
scrupulously than has hitherto been done by most authors, for

some described species are not recognizable, and at least S. edwardsi,

Kr., is collective to such a degree, that between the limits adopted

by W. Faxon it includes at least 4 species.

For the discrimination and description of the Alastigopus-ioTms,

characters from all the structural features mentioned to be used in

the adults can be derived, aud moreover the armature of the

abdominal segments and the shape of the telson frequently offer

good characters. But it must be remembered that alterations in

almost all parts take place during the development from the

youngest to the oldest larval stage, some of the alterations being

very great, others rather small. To succeed in the double aim —the

reference of the Mastigopus to the adult Seryestes and the collocation

of all the different stages of the same 7l/rtsii(/opMS-species, distin-

guishing them from the stages of other species —we have but one

way to go, which, in reality, is rather troublesome. (The deve-

lopment in aquaria of the various stages may be possible, but almost

all species being tropical or subtropical, and besides belonging to

the open sea, very little help from this method can be expected for

many years.) The student must work with copious material, and

having isolated and examined and determined all the specimens with

black eyes, he must subdivide the species into groups, malciny use of

characters luMcli alter very little dtiring the older Mastigopus-staf/c*

and the development to the adtdt shape ; then he must search in the

collection for the oldest Mastiy opus- ST^ecxmens which coincide with

the adults in the characters mentioned, and try to refer them to

the adults ; at last he, being especially assisted by most of the same
characters, must try to proceed backwards from the older to the

younger and then to the youngest stages of every species, wherein

he will in numerous instances be much assisted by the circum-

stance that different stages of the same Mastigopus are frequently

taken together in the same haul. (Some authors not infrequently

write in the descriptions of the fiipall " species " that the specimens

vary in several particulars, f. inst. in the development of the

dorsal abdominal spines, and this is often derived from the fact

that their degree of develojimont has been somewhat unequal.)

Applying this principle it will in many instances be possible to

determine the youngest forms, which by Bate and Ortmann are
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considered as the real Mastigopus, and even sometimes to determine
tlie AcaniJiosomci , consequently to elucidate at least one-half of the

total motamorpliosis. As a rule the diltcronces between the same
older stage of any two species whatsoever are more coQspicuous than
the differences between the species of Sergestes to which they
belong. During a long-continued study of a rich collection it will

gradually be possible to arrive at complete certainty in the

collocation of the series of stages of all species well represented,

but in too numerous instances it is impossible to refer the forms
to the representations of authors without examining their type-

specimens.

The characters which undergo very little or almost no change
during the raetamorpiiosis from the older Mastigopus to the adult,

and for that reason offer good marks for identification, are the

following : —(1) the structure of mxp.^, viz., whether they are

scarcely longer than trl.' with the 4 proximal joints of the same
aspect (the fourth joint flattened) as in trl.^ and the two distal

joints equally setaceous on both margins —or whether they are

considerably or much longer than trl.', with the 4 proximal joints

considerably thickened and much more robust than in trl.", and
the 2 distal joints almost or totally naked along the one margin,

while at least the sixth joint is armed with several long and a

number of shorter spines on the other margin (but only the

presence of spines, not their number, can here be taken into

consideration; (2) the proportion between the naked and the hairy

part of the external margin of ext. br. of urp.
; (3) the relative

length of the 3 joints (especially the first and the third) of the

antenn. pad.
; (4) the number of subjoints in the sixth joint

of mxp.' —Other characters of more secondary value will be pointed

out in dealing with the species.

The character derived from the length of mxp.', and especially

from the aspect of their 4 proximal joints in contradistinction to

the legs and especially to trl.'', can also he used in every Mastigopus-
stage ; it will even almost always be possible to refer a larva with
mxp.^ broken off to one of the two groups by comparing the basal

joint, which always persists, with the basal joints of the 3
following pairs of trunk-legs. —The character from the uropods is

in most cases more or less subject to alteration during the

development, and as a general rule it may be stated, that when only

g-| of the. exterior margin is hairy in the adult, then this part
approximates more and more towards occupying J of the margin
according to the youth of the specimens ; but when the margin is

hairy in the total or in c. ^ of its length in the adult, then the
hairy part is a little shorter in the younger, and still somewhat
shorter in the youngest Mastigopus. —The character from the

length of the joints in antenn. ped. also alters in the younger
stages, with the result that the first joint is proportionally longer

(and distally much narrower) in the younger than in the older

Mastigopus-stagns. —Several instances proving these rules will be
found in the following descriptions of the species..

61*
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iv. Synonymical and other Bemarhs.

Before proceeding to a systematic arrangement, founded upon

the characters mentioned, it will perliaps be convenient to under-

take some reduction of the species, especially of the adult forms,

with a view to freeing the next chapter, containing notes on tho

structure of the species and their larvte, from these disturbing

investigations.

The single species established by de Natale, S. arachnipodus

(p. 19, Tav. ii. fig. 1), is quite anrecognizable to me, and will, in

my opinion, never be interpreted with certainty ; therefore I have

omitted it from the systematic arrangement.

Of the 15 species described by Kroyer, only 4 {S. frisii, Kr.,

-§. arcticiis, Kr., S. cornuius, Kr., S. edivardsi, Kr.) have been

established upon adult animals. Bate, Chun, and Ortmanu have

already considered S. frisii, Kr., to be identical with S. atlaniicus,

M.-Edw., but when Bate (oji. cit} p. 389) furthermore withdraws

S. areiieiis, Kr., this is, as pointed out by Ortmann, quite wrong.

Of the remaining 11 species 8 are true Sergestes-\s>x\'iB, while the

3 others, viz. S. obesus, Kr., S. caiidatus, Kr., and S. serrulatus, Kr.,

must be removed from the genus. S. ohesus, Kr. (p. 257, tab. iv.

fig. 10, a-f) is a very curious form ; the single Kroyerian specimen

had been dissected and most of (he pieces are preserved, but an

investigation of the type specimens of S. sarwjtdneus, Chun (1889),

proved that this form is identical and that both species have been

established upon larvaj which differ so much from the Mastigopus

of Sergestes that the species must be removed from this genus, and

it will be discussed later on under Petalidium, Bate. S. caiidatus, Kr.

(p. 270, tab. V. fig. 14, a-d), is a very young Penceus that has just

passed the Ilysis-atage (Krdyer's representation of the trunk-legs

is not correct, as his type specimen possesses a well-developed chela

on trl.', behind which pair are found the basal joints of 4 pairs).

S. serndnlus, Kr. (p. 208, tab. iv. fig. 12, a-g) is a very young

Acetes, M.-Edw. Finally, S. lacinlatus, Kr. (p. 274, tab. v.

fig. 15, a-e), is, as already pointed out by Ortmann, identical with

S. eornieidum, Kr.
Of the species described by Stimpson only one is adult, viz.

S. jtaeiflcus, Stimps. (p. 45), and it is, in my opinion, identical with

S. atlaniicus, M.-Edw., as the differences which the author states

to exist between his species and Kroyer 's description of S. frisii, Kr.,

are of no value. The fact is that the hepatic spine is placed a

little more behind than in Kroyer's figure, in which also the

trunk-legs are delineated a little shorter than they are in the

animals. Of the other species, S. loiujicaudatus, Stimps., and

Sergia remipes, Stimps. (p. 4G), can, in my opinion, scarcely be

recognized without examination of the type specimens.

Of Serg. meyeri, Metzger (p. 302, tab. vi. fig. 7), I have

' I always quote tlie ' Ohalloiigoi- ' Report, not liis preliminary paper ; as to

Kroyer, I refer l-o hia monograph, omitting his earlier descriptions without

figuroa.
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examined the type specimen and must declare it to be a large

female of S. arcticus, Kr. Sp. Bate has in all established 24 new
species of Sergestes, of which but 3, S. preliensilis, Bate,

S. japonicus, Bate, and ;{?. Jcroi/eri, Bate (all briefly characterized in

1881), are decidedly adults. Of the other species, (S'. longicolliis. Bate

(p. 421, pi. Ixxvii. fig. 1), at least has almost arrived at the shape
of the adult, but it is, as pointed out by Ortmann, synonj'mous

with S. fenuiremis, Kr. It is impossible to me to form auy idea

of S. jirofundus, Bate (p. 428) ; Bate's specimens were very much
mutilated. The other 19 sjiecies and Sciacaris telsonis, Bate

(p. 438, pi. Ix.wiii. fig. 1), are all Mastu/ojms'tovms in very difEerent

stages of development. —When Bate (p. 393, pi. Ixviii.) describes

and figures trl.' and trl.' in ^S*. allantieus, M.-Edw., as very short,

this must, iu my opinion, arise from an anomaly or from some other

reason of no value, if the described and figured specimen really

belongs to this species, for I amnot convinced that all the specimens
from the localities enumerated (p. 390) belong to S. atlanticus. He
states that a specimen, 50 mm. in length, was taken "off Japan ;

depth 34r) fathoms," and tliat 3 sjjocimons, 43 mm. long, were
trawled " soutli of Australia ; depth 2150 fathoms." These 4
specimens at least must be re-examined, as among some hundred
specimens I have not found one exceeding 30 mm., and the

localities also make the determinatiou somewhat doubtful. The
specimens of S. edwardsi, Kr. (Bate, p. 403), must also be

re-examined with the aid of my descriptions of hitherto not

recognized allied species.

S. mollis, Smith, established by that author in 1884 (Eep. Comm.
Fish and Fisheries, pt. x. p. 419), I consider to be identical with

i>. japoniciis. Bate (described 1881), with which it agrees in the

smalluess of the eyes, the relative length and thickness of the joints

in the antenn. ped., the shape of the squama, the soft and
membranous integuments, and the number aftd the feeble

development of the posterior branchise.

S. magnificus, Chun, established in 1888 (p. 33, Taf. iv. fig. 4 u.

5), is, according to my examination of one of the type specimens,

identical with S. arcticus, Kr. Kroyer also has stated that the

flagellum of the antenna) surpasses the total length of the animal

about 3 times.

—

S. sanguineus, Chun, established in 1889 (p. 538,

Taf. iii. fig. 1), is, as stated above, identical with S. ohesus, Kr.,

and will be discussed later on under Petalidium.

In 1891 Wood-Mason (Ann. & Mag. Nat. Hist. 6th ser. vol. viii.

p. 354) established S. ruhroguttatus, W.-M., a species closely allied

to S. arcticus, Kr., but the differences in the ext. br. of urp.

pointed out by the author are certainly valid specific characters.

For the rest, I believe that it may be possible to detect more
characters. Perhaps the species is identical with S. krogeri. Bate,

established 1881, but both species being insufficiently described,

I cannot settle the question, and therefore must support both

species.

Of the species established by W. Faxon in 1893, S. lialia, Fax.
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(p. 217), must be mentioned ; for in the final report, 1895, he with-

draws it " as large and mature individuals of S. ediuardsii,"

redescribing and figuring one of the three type specimens as this

species (p. 212, pi. li. ligs. 1-1 «). But his representation shows

tliat S. liulia, Fax., must be maintained as valid, as the exterior

margin of the ext. br. of urp. is naked in almost g of its length,

while in S. edwardsi, Kr., it is hairy in the total length ; further-

more, the rostrum, besides being somewhat differently shaped, is

considerably shorter in the last-named species than in S. lialm,

Pax., a feature also observed by Paxon (p. 214). When he writes

(p. 214):— "Kroyer notes a 'rare variety' of S. edivardsi, dis-

tinguished by a larger rostrum," I may remark that a preserved

specimen of this variety belongs to another species, S. penerinki.

Bate, II. J. H.
As to this last name and some other names in the following

chapter I must say a few words. When an author in the same

work has described an adult species and . . s Masiujopus as two

species, the species, of course, retains the name of the adult. But
in some instances only the Mastigopus has been described, while

. I also possess and briefly describe '^he black-eyed or even the

mature form. In order to avoid new names I, in these cases, have

used tlie name of the Musthjopus for the adult Seri/estes, tliinking

that a double series of names, one for one of tlie not f'ew Masii-

ffojnis-stvLgeH, and another for the adult species itself, cannot be

maintained, as the Mastigopus and the Sunjestes —in strong

contradistinction to the relation between the Squillidce and their

larvffi —are connected with even transition. To avoid misappre-

liension I, in these cases, liave placed my own name (H. J . II.)

after the name of the author who has established the Mastigopus.

It will, I fear, in the future also be necessary to adopt the oldest

name for a species when its Mastigopus has been described before

the adult.

V. Conspectus of the Species.

In the following tabular view (and added notes) all established

species are enumerated, and besides two new species are named
and later on described. The tabular view is worked out with

reference to the adults and the Mastigopus-aiages, with the ex-

ception of the youngest Mastigopus-aiage (in several iustances=

Mastigopus, auct.), which sometimes differs very much from the

somewhat older stages.

When the black-eyed form of a species has been described else-

where or will be mentioned in my later notes, the name in the

tabular view is printed with interspaced letters ; if the really

mature form is known I further mark the name with an asterisk.

AVhen the same stage, in most instances the adult one, has been

describedunder various names, they are given as synonyms following

the oldest name, but the different stages of a species are coiincctud

with a \

.

By this, perhaps somewhat artificial, mode of proceeding it will,

I hope, be easy to form a notion of the species.
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Gboup I.

Mxp? at most hut little lonr/er, sometimes shorter tJian trU, its first

joint rarely, tJie second-fourth joints never ohviously incrassaled in

proportion to the joints in trl.^, its two distal joints with numerous
bristles aloug both margins. (In the Mastigopus, S. longispinus,

Bate, the first joint is somewhat incrassated, the fifth joint with

but few bristles, the sixth only with setse along the one margin.)

A. On tlie ext. br. of urp. the ciliated part never occupies the

half of the exterior margin.

a. The body very long and slender ; the distance between
the eye-stalks and the mandibles very long.

S. tenuiremis, Kr., H. J. H.
S.jwiceus, Bate.

S, longicollus. Bate.

h. The body shorter and less slender ; the distance between
the eye-stalks and the mandibles not very long.

, The first joint in the antenn. ped. about as long as or

shorter than the third.
'

*S. atlanticus, M.-Edw. (S. frisii, Kr.,

S. pacijicus, Stimps.).

S. ancylops, Kr.
S. ovatoculus. Bate.

{*S. cor 71 lit us, Kr.

S. longispinus. Bate.

*S. i n u s, Faxon.'

fS. The first joint in the antenn. ped. considerably or

much longer than the third.

1. The second and third joints in the antenn. ped. stout.

*S. robustus, Smith.

*S.japonicus, Bate (S. mollis, Smith).

*S. bisulcatus, Wood-Mas. (S. phorcus,

Faxon, olim).

2. The second and especially the third joint in the

antenn. ped. slender. (The arcticus-gvow^.)

{*S. arcticus, Kr. {&. meyeri, Metzger,

S. magnijicus, Chun).

S. rinJcii, Kr., vix Bate.

S. di^similis. Bate.

S. mediterraneus, n. sp.

*S. prehensilis. Bate.

*S. kr oy eri. Bate.

{S. dorsospinalis. Bate.

S. laterodentatus, Bate.

;Si. nasidentatus. Bate.

(S. rinkii. Bate, vix Kr.)

S. Iceviventralis, Bate.

*S. rubroguitatus, "Wood-Mas

.

' According to the description this species must belong to this subdiviBion

,

but it does not agree with the figure {op. cit. pi. li. fig. 2), which shows the first

joint a little longer thou the third.
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B. On the ext. br. of ,urp. the ciliated part occupies more
than the half of the exterior margin.

S. corniculum, lir., H. J. H. {S. lacini-

atus, Kr.)

S. utrinquedens, Bate.

8. loncjirostris, Bate.

To this group further belong the following species : S.proiCoTlus,

Bate, S. semiarmis. Bate, S.- longicaiulatus, Stimps., -S. remipes

(Stimps.), and S. (Sciacaris) telsoyiis. Bate. All are but larv£e.

Gboup II.

Mxp? considerably or much lomjer ilian trl.^, its 4 proximal joints

considerably or (ffenerally) very much incrassated or partially almost

inflated in 2)roportion to the joints in trl?, its two distal joints with

very short bristles or totally naked along the one margin, the

sixth joint with a number of spines very different in length along

the other margin, and a feebler armature may also be found on the

fifth joint.

A. The adult and the older larvffi with two branchiiB above

trP., and the sixth joint of mxp.^ divided into 5 subjoiuts.

The adult with a comb of very numerous short spines

along the one margin of the sixth joint aud of the distal

part of the fifth of mxp.''' The larvae with short eye-stalks.

{*S. hens en i (Ortm.).

S. sargassi, Ortm.

B. The adult and tlie older larvaj with one branchia and a

lamella above trF., and the sixth joint of mxp.^ divided

into 4 or 6 subjoints. The adult without any comb on
mxp.^ The larva) with moderately long or very long eye-

stalks. (The edwardsii-'^vou.Tj).')

a. On the ext. br. of nrp. the exterior margin is ciliated in

the whole length or (in the larvae) at least in c. -f^ of

the length.'

J *iS. e d w a r d s i, Kr,

[ S. oculatus, Kr.
b. On the ext. br. of urp. the exterior margin is ciliated at

most ill g of the length,

a. The same exterior margin is in the larva) ciliated at

lea.st in |, in the adults in more than f of the length.

{*S. vigil ax, Stimps., H. J. il.

S. parvidens. Bate.

*S. p eneri n Jc i. Bate, H. J. H.
j(3. The same exterior margin is ciliated in less than | of

the length.

*S. incertus, n, sp.

*S. hali a, Faxon.
S. armutus, Kr.

' Hero and in the following part of llio tabiilai- view I cannot incliido Iuitie

shorter tlian 9-10 mm. in length, as the character employed altera iu the

youngest stages (see later on).
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. To this group further belong *;S'. hamife r, Ale. & And., which
I am not able to recognize, and the following larvae : S. inter-

medkis, Bate, S. diaponiius. Bate, S. ferinerhilcii. Bate, S. spini-

ventralis, Bate, and S. ventridentatiis, Bate, several of which
certainly belong to some of the species in the tabular view, but I

cannot recognize them ; S. macropJithalmus, Stimps., in all proba-

bility being a younger S. vigilax, Stimps. ; finally S. hracliyorrhos,

Kr., which is a very young larva of 8. edivardsii, Kr. (see later on).

S. aracJmipodus, de Nat., and S. profundus. Bate, I have not

been able to refer to any one oF the groups; to Petalidium ia

transferred S. ohesus, Kr. (S. sanr/uineus, Chun), and excluded as

not belonging to the genus are S. serrulatus, Kr., and S, cawdaius,

Kr.

vi. Notes on the Species of Group I.

A. a. S. tenuiremis, Kr. The specimen described by Kroyer

(p. 255, tab. iv. fig. 11, a-b) is a hardly half-grown Mastigopus;

S. longicolhis. Bate (p. 421, pi. Ixxvii. fig. 1), is almost (or perhaps

fully) adult ; S. jimceits, Bate (p. 416, pi. ixxvi. fig. 1), is the

young Mastigopus, 6 mm. long, with dorsal spines on the 4th-

6th abdominal segments. I have examined a specimen 23 mm. in

length, which had just obtained the black eyes ; the species grows
at least somewhat longer before maturity, but the mature form is

unknown. The obtaining of black eyes does not always take place

at the same length of the animal, as a specimen with the larger,

oblique, yellowish eyes is even 26 mm. long. The species is easily

separated from all other known forms by the combination of two
characters : the very long and slender body with the long distance

between the eye-stalks and the mouth-organs, and the ciliated

parts on the ext. br. of urp. occupying, in the older forms scarcely

^, in the younger a little more than ^ of the exterior margin. The
quoted figure of ;S. longicollus. Bate (pi. Ixxvii.), gives a tolerably

correct notion of the species.

It may further be added that of the two branchiae above trl.' the

first is long and the second a little more than half, the length of

the first and but a little shorter than the first branchia to trl.*,

while the second above trl.* is somewhat smaller, but still very well

developed. I have seen specimens of this species from numerous
localities in the Atlantic, northward to lat. 32° 16' N., in the

Indian Ocean, and in the Pacific as far as the Matelota Islands

and lat. 16° 8' S., long. 111° 50' E.

A. 6. a. S. atlanticus, M.-Edw. As to the synonymy etc., sete

above. The best representation of this very common species is

given by Kroyer {S.frisii, Kr., p. 235, tab. i. fig. l,a-v). The
sixth joint of mxp.' consists of 6 subjoints, the 4 distal of equal

length and each of the 2 proximal as long as 2 of the distal

subjoints together. The branchial formula as in S.japoniciis, Bate
(S. mollis. Smith), viz. a podobranchia and a lamella to mxp.\
a pleurobranchia and a lamella to mxp." and trl.'-trl.^, finally 2
pleurobranchisB to trl.^, but the branchiae are longer than in S. mollis.

Smith (Rep. Comm. Ksh and Fisheries f. 1885, pi. xx. fig. 5), and
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the 2 branchiaa above trl.' are well developed ; the statements of

earlier authors on the branchise of this species are rather

deficient.

As stated above, S. ancylops, Kr. (p. 262, tab. iii. fig. 8,n-e), is

the Mastigoints of >S'. atlanticus, and I have seen every stage of

transition between the larva and the adult. S. ovatocidus, J5uto

(p. 408, pi. Ixxiv. fig. 2), is a stage a little older than that

described as S. ancylops by Kroyer and Bate.

The stages from 7 mm. in length and more are easily dis-

tinguished from all other known larvae by the shape of the eyes, of

which Kroyer has given two good figures, and also in the still

younger stages mentioned below the eyes have a rather similar

shape ; in the older stages the sixth joint of mxp.^ shows the same
subdivision into 6 joints as is found in the adult.

A small specimen examined by me is scarcely 6-5 mm. long, trl.*

is even shorter than the two proximal joints of trl.' together ; the

eyes and the eye-stalks are longer than in the stage figured by
Kroyer, reaching a little beyond the basis of the third joint of the

antenn. ped. ; the first joint of this peduncle is about -^^ longer

than the third ; the very long and slender rostrum occupies f of

the length of the eye-stalks and carries a small dorsal spine over

its basis ; the inferior side of the abdominal segments is without

spines, while a rudiment of a spine is present on the dorsal side

of the third segment, and the spines on the fourth and fifth

segments are a little longer than in the following stage ; the

ciliated part of the ext. br. of urp. occupies a little more than |,

but not g of the exterior margin.

The smallest specimen examined by me is but 3-5 mm. long,

without the rostrum ; the eye-stalks are extremely long, together

with the eyes almost as long as the carapace in the median line ;

the rostrum reaches almost to the tip of the eyes and is adorned

with a shorter dorsal spine at the basis and with some short settc

on the distal part ; the supra-orbital and the hepatic spines are

considerably elongated. The dorsal spine on the third abdominal

segment is rather long, the spines on the fourth and fifth segments

very long ; the epimera of the 5 anterior segments are each

produced into a fine spine bent somewhat outwards ; the spine on

the ext. br. of urp. is placed almost before the middle of the

exterior margin, and the branch itself is extremely slender, 13 or

14 times longer than broad. This stage, thus rather diverging

from the older ones, is, in my opinion, the youngest Maslujoims,

and was taken by Prof. Chun at the Canary Islands.

Of S. atlanticus I have seen specimens from the Atlantic, north-

ward to lat. 42° N., from the Indian Ocean and from the Pacific

lat. 15° S., long. 109° 20' E., and the China Sea.

S. cornutus, Kr. (p. 249, tab. ii. fig. 2, a-l). This species is

easily distinguished from S. atlanticus, M.-Edw., by the following

characters: —The rostrum is ranch longer, directed obliquely

forwards and slenderly acuminated, the eyes are smaller, the

third joint of the antenn. ped. is distinctly longer than the first,
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which, from the spina on the outer margin, is strongly tapering

towards the apex, the outer margin even being slightly concave in

outline; the sixth joint of mxp."^ is distinctly 4-iointed, the relative

length of these subjoints as in the larva (see below). Above trl.'

a well-developed pleurobranchia and a lamella, above trl.* a well-

developed pleurobranchia and a lamella with 2-5 branches at the
tip, thus a branchia very little developed and more feeble than in

any other adult species known to me.
S. longispinus. Bate (p. 417, pi. Ixxvi. fig. 2), is most decidedly

the larva of S. cormUus, Kr. It attains a length astonishing as

compared with that of the adult. The specimen which I am
.about to describe is 13 mm. long, while the adult male is but 10
mm. The rostrum is somewhat longer than in the adult, without
dorsal spine, the supra-ocular and the hepatic spines and the
gastro-hepatlc groove are well developed. The eye-stalks are very

long, the large, somewhat oblique eyes lie above the basis of the

third joint of the antenn. ped., the relative length of which is

almost as in the adult. Mxp.' is but little longer than trl.' and
constitutes in several respects a transition-form to S. edwardsi,

Kr., and allied species ; the first joint is considerably incrassated,

second-fourth joints but little coarser than in trl.', the fourth joint

with very few and short bristles, the fifth with few seta3 more
developed on the one than on the other margin, the sixth joint as

long as the fifth (a character also found in S. atlanticns, etc., while

in the cdwardsi-gron-p the fifth joint is much longer than the

sixth), divided into 4 subjoints, of which the first is ^ times longer

than the second, and this is as long as the last 2 subjoints together,

which are about equal in length, or the third somewhat longer

than the fourtli ; the 3 proximal subjoints each with very few
short setse, and at the end with 2 very long stifi' setee or slender

spines, the fourth subjoint with one short and 3 very long apical

spines, which, however, are scarcely more robust than those on
trl.^ or trl.^ trl.* reaching a little beyond | of the fourth joint of

trl.' Above trl.'' a well-developed branchia and a lamella with 3
short apical branches. The 3 anterior abdominal segments each
with a rather short dorsal spine, which, at least on the 2 anterior

segments, is directed obliquely forward, the fourth segment with-
out any spine and the fifth and sixth each with a short spine ; the

4 anterior segments having on the middle of each epimeron a spine

directed outwards, the spine being short on the three segments
and somewhat longer on the fourth, the fifth segment with a very
long spine directed downwards and bending somewhat forwards,

and issuing from the inferior margin at a siiort distance from its

posterior end ; the sixth segment with a small spine turned down-
wards from the posterior edge. As in the mature form, the
ciliated part occupies between

-J-
and | of the exterior margin of

the ext. br. of urp.

The specimen described difEers considerably from the figure

given by Bate, but the form described by him is somewhat
younger. My determination is decidedly correct, as two similar
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specimens, the one determined by Chun, the other by Ortmann, are

referred by these authors to the same species.

S. cornutus, Kr., and especially S. lonc/ispinus. Bate, present

some affinity to S. edwardsi, Kr., and allied species, which becomes
very evident by the fact that a short process is found on the outer

side of the third joint of trl.' and trl.*

Of S. inous, Yax., I iiave seen no specimens.

A. b. j3. 1. Of S. rohustus. Smith, *bf. japonicus, Bate {S. mollis,

Smith), and S. lisulcatvs, Wood-Mas., I have seen no specimens.

Of S. rohtistits we possess several stages of the Mastigopus, but

having found none of them described I will omit discussing them
in this paper.

A. h. /3. 2. This rich section of adults and larvoe I have called

the arcticus-gcow^, as they are very nearly related to each other, and
S. arciicus, Kr., is the only one well described of the mature forms

and the sole species of which I am able to trace the whole develop-

ment from the Acanthosoma (inch) to the adult. I will begin with
some remarks on the adults and on a subadult species.

S. arcticus, Kr., is well represented by Kriiyer (p. 240, tab. iii.

fig. 7, a~g ; tab. v. fig. 16) ; later on 8. I. Smith, in the various

papers (see above), communicates some additional notes and good
figures. The species has been captured in the Atlantic, northward

to Greenland, and southward to lat. 38° S., long. 12° E. (Bf us,

Copenh.) ; further, in the Mediterranean near Ischia {S. magnifiais,

Chun), and some older larvai in the Adriatic at Eagusa and

Lesina (Chun's collection). But, together with these last larva), I

found in Chun's colleclion some young specimens and older larva)

of a new and unfortunately closely related species, S. mediierra-

neiis, n. sp., which makes it necessary to present some remarks on
the two species, so that it will be possible to distinguish them
from each other. Previously no valid species allied to ^?. arcticus,

Kr., was known from the Atlantic or the Mediterranean.

The largest specimen of S. mediterrancus, m., is 19-5 mm. long,

and has almost assumed the adult shape, but the eyes are still not

black and therefore their final magnitude cannot be determined.

Of characters between this subadult stage and the subadidt and
adult S. arcticus, Kr., I have found the following :

—

S. mediterra-

neus is destitute of the hepatic spines and the gastro-hepatic

groove ; the supra-ocular spines are quite rudimentary ; the basal

joint of the antenn. peduncle is obviously somewhat shorter than

the two following taken together, which are a little more coarse

than in S. arcticus, while the basal joint from the s))iue near the

basis of the exterior margin is somewhat more narrow, with the

exterior margin less convex in outline than in S. arcticus ; the ext.

br. of urp. is but 4 times longer than broad, with the outer margin

beyond the spine strijdngly concave. In S. arcticus, Kr., the

supra-ocular and hepatic spines and the gastro-hepatic groove are

well developed ; the basal joint of the antenn. ped. is (measured

with accuracy) almost or quite as long as the two following taken

together ; the ext. br. of urp. is exactly 5 times longer than
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broad —thus conspicuously more narrow than in S. mediterraneus,

m. ; and the outer margin beyond the spine but slightly concave.

The branchiae (comp. the notes of S. I. Smith in Bull. Mus. Comp.
Zool. vol. X. p. 9C) do not seem to present any character fit for

use. S. arcticus, Kr., is smaller than the other species when the

eyes obtain the black colour.

Above I have mentioned that S. ruhroguttatvs, Wood-Mas., from
the Indian Ocean is, in my opinion, a valid species, as the exter.

br. of urp. is described and figured (Ann. & Mag. Nat. Hist. ser. 6,

vol. viii. p. 354) to be much more narrow than in 8. arcticus, Kr.,

and without the spine on the outer margin. 8. Icroyevi, Bate, and
S. preliensilis. Bate, are unknoM'n to me ; they have the same
branchial foriDula as 8. arcticus, but a new investigation of both
species is much needed ; perhaps 8. ruhroguttatus. Wood- Mas., is

synonymous with 8. hroyeri. Bate.

Of 8. arcticus, Kr., our museumpossesses a series of all stages from
the AaintJwsoma (inch) to the mature form. One of these stages

is 8. rinJcii, Kr. Kroyer's representation (p. 2G5, tab. ii. fig. 3,

a-f/) corresponds well with specimens of 8 mm. in length, rostrum

not included, and is rather good ; thus he describes and figures the

eyes with their long stalks, the very characteristic antenn. ped.,

the shape of the squama, the dorsal spines on the abdomen, the

long pleopods, the uropods with their exterior branch being very

characteristic for the young Mastigojnis, viz. 6'5 times longer than

broad and the ciliated part of the exterior margin considerably

longer than in the adult, finally the telson, which has a shape very

diiierent from that found in the adult —but the representation of

the carapace is deficient (see later on) and misleading in one par-

ticular. Thus he describes the rostrum as being short, but it must
already then have been broken ofi in one or two of his specimens

;

in reality it is about as long as the eye-stalks (without the eyes), and
adorned at the basis with a dorsal spine almost as long as the

diameter of the eye.

The largest specimen oi Acanthosoma, which, however, I shall not
try to describe, is, the rostrum not included, 5-3 mm. in length,

and with the rostrum (which reaches somewhat in advance of

the eyes) c. 6-6 mm. long. Among the type specimens of Kriiyer

I find tvs'o specimens, which must be the stage immediately suc-

ceeding the Acanthosoma ; one specimen is with the rostrum 6'9

mm. long, but from another locality I have seen a specimen in the

same stage measuring even 8 mm. This stage differs considerably

from that described by Kroyer, and therefore a short account of it

shall be given. The rostrum is exceedingly long, reaching a little

in advance of the eyes, on the distal part adorned with some short

and fine setse, and at the basis originates a setaceous dorsal sj)ine,

which is adorned with some short and fine setse and is longer than
the diameter of an eye. The supraocular spine is well developed,

and the hepatic spine exceedingly long, considerably longer than
the diameter of an eye ; just in front of the gastro-hepatic groove
is observed a short protuberance in the median line. The eyes
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reach to the middle of the second joint of the auteun. ped. ; the

basal joint of this peduncle is to the two following together as 11

to 8 ; trl.* and trl.' are only buds. The first and second abdominal

segments each witli a short dorsal spine, the third to sixth segments

each with a long spine ; the first segment a little above the middle

of each side with a rather short spine directed outwards, and

besides the epimera of the five anterior segments each produced

into a rather long spine, which is directed outwards and on the

two anterior segments even bent somewhat upwards and forwards ;

the sixth segment below on the posterior edge with a shorter

spine. The ext. br. of urp. is about 8 times longer than broad,

and the spine a little beyond the middle of its exterior margin.

Telson with a long process from each of its posterior edges.

The following stage is that described by Krciyer : the rostrum is

as already mentioned, the hepatic spine has become somewhat

shorter than in the preceding stage ; on the abdomen the dorsal

spines are somewhat reduced and tlie epimeral spines are lost, but

the spine on the side of the first segment is still visible.

During the subsequent stages a series of alterations take place.

The rostrum becomes shortened, but is, however, still during a

longer period more than half as long as the eye-stalks, its dorsal

spine and the hepatic spines are considerably shortened, the eye-

stalks become somewhat shorter ; the median protuberance is pre-

served during some time; the abdominal spines soon completely

disappear. In the antenn. ped. the two distal joints together

successively are approaching the length of the basal joint, which

from being distally slender with the lateral margins slightly con-

verging obtains a considerable breadth with the external margin

somewhat convex in outline. The ext. br. of urp. becomes pro-

portionally broader and the spine more remote from the middle

of the exterior margin ; the process from the edge of the telson

becomes shorter and finally disappears. One of these stages is

S. dissimilis. Bate, described by Bato (p. 437), and later on described

and figured by Ortmann (p. 35, Taf. iii. fig. 2).

The sub-adult stage of S. medlterraneus, m., is shortly described

above. The smallest larva of this species known to me is about

9-5 mm. long, and this and a specimen a little longer are easily

distinguished from the similar stage of S. arcticus, Kr. The eye-

stalks are somewhat shorter ; the rostrum is rather short, not half

the length or about one-third of tlie length of the eye-stalks, with

a trace of a spine on its superior margin, the hepatic spine is rudi-

mentary or wanting ; in the antenn. ped. the two distal joints

together are shorter than the basal one, and this presents a shape

other than in S. arcticus, as in its distal half the lateral margins are

parallel with each other; and this part is scarcely broader than the

two distal joints, which are obviously coarser than in S. arcticus ; a

very short dorsal spine is present on the fourth to sixth abdominal

segments ; the ext. br. of urp. is proportionally broader than in

S. arcticus, between 4 and 5, but not 5 times longer than broad.

As stated above, S. arcticus, Kr., has not been captured outside
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the Atlantic (incl. the Mediterranean and the Arctic sea at

Q-reenland). This is of importance for the reference of larval stages,

as Bate has established the species :

—

S. dorsospinalis, Bate (p. 394,

pi. Ixxii. fig. 1) and S. laterodentatus, Bate (p. 395), captured
" associated with " another " South of Australia" ; ;5?. nasidentatus.

Bate (p. 398, pl. Ixxii. fig. 2), " between Valparaiso and Juan
Fernandez "; S. rinJcii, Bate, vix Krbyer (p. 404, pl. Ixxiii. fig. 3),
" NewHebrides " and " South Pacific " ; and S. Iceviventi-alis, Bate

(p. 425, pl. Ixvii. fig. 3), " North of NewGuinea" —which 5 reputed

species are all larva> and all belong to two or three species closely

related to S. arcticus, Kr., or perhaps partially belong to that

species. But Bate's representations are not sufllciently good for

the decision of such questions : thus, f . inst., the chances are that ho

has overlooked the hepatic spine in some of the " species," while

S. laterodentatus. Bate, has obviously been established on a specimen
with a long hepatic spine, which has given rise to the name. His
description of S. rhikii either involves the fault that the rostrum,

which is described and figured as short, has been brolten off, or the

form must decidedly be different from 8. rinJdi, Kr., as a short

rostrum and dorsal abdominal S])ines are not coexistent in this

latter species. —In all probability Bate's 5 species belong to two or

three of the other known species of the arclieus-gion]), and none
of them to S. arcticus, Kr., itself.

Further elucidation of the adults and the larvae of the arcticus-

group I am not able to derive from existing literature. Tet the

result has been that 2 adult and 2 larval species have been cancelled

as belonging to S. arcticus, Kr., and the other related forms ; 3 adult

species and 4-5 larva; have been collocated into the group ; finally

one new species has been established.

B. S. corniculum, Kr. —The stage described and figured by
Kroyer (p. 252, tab. iii. fig. 4, a-e) and Bate (p. 410, pl. Ixxv.

fig. 1) is a half-grown larva. The mature form is unknown. The
adult with black eyes, 20-22 mm. long, is rather remarkable, as

the body is extraordinarily slender, with a considerable distance

between the mouth and the eyes, thus in that respect approaching

to S. tenuiremis, Kr., and being intermediate between this species

and f. inst. (S'. arcticus, Kr. Its rostrum is a little lower than in

S. arcticus, Kr., the supraocular spine rudimentary or lacking, the

hepatic spine short, the gastro-hepatic groove distinct. The eyes

are but a little broader than the end of the stalk ; in the long
antenn. ped. the first joint is considerably longer than the third

and this considerably longer than the second. An interesting

character is that the sixth joint of mxp.' is divided into 4 sub-joints,

the distal three of equal length and the first somewhat longer,

and each of these 4 joints is more or less distinctly divided into

2 joints : thus we obtain 8 sub-joints, of which 7 possess a long seta

or slender spine on each side near the apex, but the two spines are

not placed opposite to each other, and the last sub-joint has a pair

of slender apical spines. The branchias recall those in S. arcticus,

Kr. : above trl.^ two braiichia;, the first long, the second several
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times shorter and very narrow ; the first branchia above trl.^ is but

half as large as the corresponding one above trl.^, the second half

as large as the first but a little larger than the second above trl.^.

(In somewhat younger specimens with yellowish eyes all 4 branchito

are very distinct ; the animals are, for the rest, relatively shorter

and stouter.) The ext. br. of urp. without any spine on the

exterior margin, of which the ciliated part occupies from a little

more than the half to about three-lifths of the length.

As to the half-grown larvoe, the representations of Kroyer and

Bate will be sufficient. —A younger larva, 6-4 mm. long, comcides

fairly well with S. utrinquedens, Bate (p. 433), in most respects,

but yet differs in several particulars from Bate's description.

The supraocular and hepatic spines ai-e well developed ; the

rostrum is almost as long as the e)'e stalks (the eyes not included),

with a short and fine dorsal spine at the base ; the eyes are nnieh

larger and the eye-stalks longer than in the stage described by

Kroyer and Bate. The third joint of the antenn. ped. is but a

little longer than the second, and the first one as long as the two

others taken together. The fourth to sixth abdominal segments each

with a very short and fine dorsal spine, the epimera of the first to

fourth segments each produced into a short spine, while this spine

is considerably longer on the epimera of the fifth segment; the

first segment besides on the side having a spine arising from the

anterior margin and directed forwards and outwards. On the

ext. br. of urp., which is almost seven times longer than broad, the

ciliated part occupies a little more than the half of the exterior

margin, which —as in almost all young larvse —is furnished with a

well-developed spine.

Of S. corniculum, Kr., I have seen numerous specimens from the

Atlantic northward to lat. 42° N., from the Indian Ocean and

ranging into the Pacific to the Malelota Island and to lat. 16° 10' N.,

long. 132° E.

Whether the above-quoted S. lUrinqiiedens, Bate, may be a young

larva of S. corniculum, Kr., or of another species I am not able to

decide.

S. longirostris. Bate (p. 415, pi. Ixxv. fig. 3). —Prof. 0. Chun
has determined the small stage of S. corniculum, Kr., just described

as S. longirostns. Bate, which is stated to be 6 mm. long and cap-

tured in " Mid Atlantic," and it is very possible that this determi-

nation may be correct ; but Bate's figure represents the oye-slallcs

and the rostrum a little too long,and especially a different proportion

between the joints of the antenn. ped. &c. I believe that it is

impossible to decide whether this identification is correct.

Above I have further enumerated 5 species belonging to Group I.

Of these species S. pnccolhis, Bate (p. 423, pi. Ixxvii. fig. 2), is at

least rather nearly related to S. corniculum, Kr., from which it

seems to differ by a somewhat different shape of the ext. br. of urp.

and by having the fifth abdominal segment " dorsally produced to

a point." S. longicaudatus, Stimps. (p. 46), is a larva perhaps

belonging to the a»-ciict<s-group. On the three other species, all

larvae, I have no opinion.
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vii. Notes on the Species in Group II.

A. S. henseni (Ortm.). —Of this interesting species I have seen

only two adult specimens, lent me by Geheimrath Prof. Dr. V.

Hensen. As the representation by Ortmami (p. 38, Taf. iii. fig. 3)
is rather deficient, I shall add some notes. The rostrum is low
and short; the supraorbital and hepatic spines are short. Mxp.'
is considerably longer than trl.' and its 4 proximal joints, though
more slender than in the following species, are yet much stouter

than in trl.' ; the 2 distal joints are quite naked along one margin,

the fifth almost more than double as long as the sixth, which is

divided into 5 subjoints, the last 4 of which are equal in length,

while the first of them is as long as the two following together ; at

the base of the first subjoint and at the apex of the first, third, and
fifth subjoints is found a long spine ; at the apex of the second,

fourth, and fifth subjoints a spine about half as long as the long

spines ; finally along the same margin a fine comb of very numerous
spines about as long as the diameter of the joints ; the fifth joint

of mxp.' has about 10 longer spines along the margin and on its

distal two-filths a comb similar to that on the sixth joint, but its

spines become shorter towards the base. By this singular armaturo

the species is easily distinguished from all other species known to

me. Above trl.° a large and a very small branchia, the latter of

which is less than a third as long and but half as broad as the large

branchia ; above trl.^ two branchia), the anterior somewhat larger,

the posterior somewhat smaller thau the small branchia above trl.^

;

thus the branchiio are very different from those in the ocher species

of the group. In the following species we find a well-developed

process on the third joint of trl.' and a similar one on trl.^, but in

this species the process in trl.' is rudimentary and wanting in trl.'

On the ext. br. of urp. no spine is found on the exterior margin,

and in the one specimen the ciliated part occupies three-fifths, in

the other specimen almost four-fifths of its length. In no other

species have I met with any similar variation in this feature, but

it also exists in the larvae (see below).

S. sargassi, Ortmaan (p. 34, Taf. iii. fig. 1), is the Mastiyopus

of S. hetiseni. As the material seen by me is rather incomplete, the

larger specimens being not very large and besides defective, I add
only a few remarks to Ortmann's description. Mxp.^ is elongat«d

and inerassated in proportion to the legs as in the adult, the fourth

joint at the apex and just above the articulation produced into a

large, conical pz'ocess— a very good character for the species ; and
in a larva a little more than half-grown the sixth joint was already

divided into the 5 subjoints. In the largest well-preserved speci-

men, 8 mm. long, I found above trl ."a large branchia and a lamella,

comparatively somewhat larger than usual, which had begun to

develop itself into a very small branchia, above trl.* a very small

branchia and a simple lamella; the normal lamella; above trl.' and
trl." are a little larger than usual. As in the adult the ciliated pari;

on the exterior margin of the ext. br. of urp. occupies about three-

fifths or four-fifths of its length in specimens between 4'5 mm. and

Pboc. Zoor.. Soc—1806, No. LXII. 62
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9-6 mm. in length, and the spine is wanting or very small, rarely of

moderate size.

In a specimen 6-2 mm. in length the abdomen has lost its spines,

the branchial lamella) to mxp.^ and to trl.'-trl.^ are very large in pro-

portion to the branchia, still being small, and above trl.' no brancbia

or lamella is developed. In the older stages the eye-stalks are

short and the eyes are very large, but in the younger stages —be-

tween i-5 mm. and C-5 mm. in length —the eyes are still consider-

ably larger ; and in specimens of 4-5-5 mm. in length the rostrum

is present as a fine and shorter or longer spine ; and there are short

or very short spines on the fourth to sixth abdominal segments.

Such a larva, 5 mm. long, is briefly mentioned and figured by Bate

(p. 428, pi. Ixv. fig. 4) as Mastic/ojius tenuis. Bate ; the figure shows

the characteristic process on the fourth joint of mxp.^ the rostrum

is not delineated slender enough. The smallest specimen seen by

me is, rostrum not included, c. 2-5 mm. long ; the rostrum is as

long as the carapace in the median line and distally furnished with

fine spines ; the eyes are of enormous size and the eye-stalks shorter

than in the older stages ; the third abdominal segment has a short

dorsal spine, the fourth and fifth segments each a very long, the

sixth segment a long dorsal spine.

B. For the following species, all belonging to the edtvardsi-

group, I think it convenient to give some introductory remarks,

and next to treat the adult animals and the Mastii/opus-iorms

separately.

Of adult animals there have been described only S. edwardsi,

Kr., and S. hamifer. Ale. & And., to which /S. halia, Fax., established

in 1893, and in 1895 unjustly withdrawn by the same author, must

be added. But in our museum I have found 4 species of adult

forma and 5 species of larvae, 4 of which most decidedly beloug to

the 4 adult forms ; thus an adult form unknown to me must exist.

One of the adult species is S. ediuardsi, Kr., but I have not been

able to refer any of the three other species to <S. halia. Fax., or

S. hamifer. Ale. & And. ; the reasons will be given later on.

How safely I have been able —though not without a rather pro-

tracted investigation —to refer the larvae to the adults will appear

from the following case. The old larva) are very easy to separate,

and I possessed 5 species but only 3 of the adults. By the exa-

mination of the characters of the larvae 1 was induced to

re-examine one of the adult species and then it became apparent

that it was composed of 2 very closely allied but valid species.

Undoubtedly authors have commingled 2-3-4 species in references

to S. edwardsi, Kr., and between the limits adopted by Faxon it,

as stated above, includes at least 4 species.

The adult species are all closely related and very similar to each

other. They are all characterized by the above-mentioned powerful

development of mxp.', which is much longer than any of the trunk-

legs ; the 4 proximal joints are much incrassated and especially the

thickening of the fourth joint is most conspicuous ; the sixth joint

in much shorter than the fifth, both strongly compressed and on
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the one margia furnished with extremely short spines or almost
naked, while the other margin of the sixth joint and at least of the

distal half of the fifth joint is armed with rather numerous spines,

some of which are very long and rather robust. The differences in

the armature, especially of the sixth joint, yield very good characters

for the species. (The distal part of the fifth joint is most frequently

cut off by a secondary articulation.) The eves are middle-sized,

the supraocular and hepatic spines well developed. In the antenn.
ped. the first joint is very little longer to somewhat shorter than
the third joint, which is slender and obviously longer than the

second. On the third joint of trl.' and trl.^ the processes represented
by Kriiyer in S. edwarchi (tab. iv. fig. 9 / and 9 _f/) are well

developed. The brancliial formula as in S. allanticus, M.-Edw.
(see above) ; the briinchise above the trunk-legs are very long, above
trl.' one branchia and a lamella ; trl.'' 2 brauchiaB, the first of which
is about as long as the preceding, the second somewhat shorter and
only half as broad, but yet very well developed. The exterior

margin of the ext. br. of urp. without any spine or tooth at the
{)roximal end of the ciliated part.

S. edwarchi, Kr. —Krdyer in his representation
(

p. 240, tab. iv.

fig. 9, a-k) mentions a variety with longer rostrum, but this

belongs to another species, viz. S. penerinki. Bate, H. J. II. The
species is easily distinguished from all the other species by the
cliaracter given in my tabular view : that the ext or. of urp. has
the exterior margin ciliated along its whole length —and besides

by the following features in the structure of mxp.' The sivth

joint of this pair is divided into 4 stihjoints about equal in lenr/ih,

and each of the 2 distal stihjoints is rather or very distinctly divided

into 2 suhjoints, thus in all 6 subjoints; the joint ends luith 2 sjniies

of equal or different length, but at least the one is very long ; next
its interior margin is furnished with 35-38 spines of very different

lengths (and the apical spine on the first, second, and fourth of the

6 subjoints is exceedingly long) ; besides a very long spine is present

on the same three subjoints on the one side near the exterior margin.
The fifth joint of mxp.' also presents some characters, which,
however, are omitted. The rostrum is shorter than in tlie other

species of the group, laterally compressed, and seen from the side

more or- less plainly forming an oblique triangle. —Length 14-
21-5 mm.

I have seen specimens from the Atlantic northward to lat. 20° N.
(the larvffi to lat. 23° 31' N.), from the Indian Ocean, and passing

towards the Pacific to Djilolo Isl. (c. lat. 1° N., long. 127° 5' E.).

The three, or perhaps four, next species are easily separated from
S. edivardsi, Kr., by sevei'al characters. On the ext. br. of urp. at

least c. ^ of the exterior margin is naked. In mxp.^ the sLvth joint

is divided into hut 4 suhjoints very unequal in length, the third

being but half as long as the second ; the joint ends with but one
spine, which is very long, and the interior margin of the joint is

armed with but 15-25 spines, and no spine exists on the side of
any of the subjoints near the exterior margin.

62*
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S. vigilax, Stimps., H. J. H. —Only the Mastigopus has been
described (see later on). The adults of this and the next species,

S. yenerinlci, Bate, II. J. H., are very closely related to each

other and easily separated from S. incertus, n. sp., and S. halia,

Pax., by the character, that on the ext. br. of iirp. the ciliated ])art

occupies between ^ and g of the exterior margin. Qlie best

character between S. vigilax and S. jienei-inJci is that in S. vii/ila.v

the interior margin of the sixth joint of mxp.'' is armed with 22-25
spines, of which 4 are implanted on the third subjoint, which is

but a little or scarcely shorter than the fourth ; in S. penerinki

the sixth joint is armed with c. 15 spines (the apical one as usual

not included), of which but two on the third subjoint, which is con-

siderably shorter than the fourth. In S. vicjilax the rostrum is

of medium length, strongly laterally compressed, seen from the side

rather broad and apieally more or less distinctly truncated, with

an acute prolongation from the superior edge. —Length 16-27 mm.
This species is as common as S. edwardsi, Kr. ; I have seen

numerous specimens of adults and larvfe from the Atlantic north-

ward to lat. 42° N. ; in the Indian Ocean the larvse are common
and distributed eastward to lat. 24° 50' S., long. 1 03° E.

S. penerinki, Bate, H. J. IT. —Only the Alastujopvs has been
described (see below). The rostrum of the adult is somewhat
elongated, seen from the side a little more narrow than in

S. vigilux and from the middle tapering towards the acute apex.

The chief character in the structure of mxp." is given vmder
/S. vigilax. —Length c. 18"5 mm.

I have seen but two adult specimens, the one captured at lat. 17°

N., long. 22° W., and this is one of the specimens alluded to by
Kriiyer as a variety of S. edwardsi.

S. incertus, n. sp.- —Only one adult specimen, a female. Las been

seen, but this is a giant in comparison with the other related

species, being 47 mm. long. On the ext. hr. of urp. the ciliated

part occupies between 3 and 5 of the exterior margin. The first

joint of the antenn. ped. is scarcely shorter than the third. The
rostrum is somewhat elongated, strongly compressed ; seen from
the side the proximal half is rather broad and then it tapers

towards the acute apex. The interior margin of the sixth joint of

mxp.* with but 13 spines, two of them on the third and orie on the

fourth subjoint, which is but very little longer than the third.

The other characters are mentioned above.

The adult specimen was captured (on the surface) in lat. 34° 50'

S., long. 4° 30' W. ; a sub-adult specimen near that locality, and a

larva in lat. 40° 4' S., long. 53° 20' E.

<S. halia. Fax. —The specimens on which this species was estab-

lished in 1893 are just the large specimens described and figured

by Faxon in 1895 as a variety of S. edwardsi, Kr. (p. 212, pi. 11.

tigs. 1-1 e). This species, of which I have seen no specimen, is

closely related to S. incertus, m., but disagrees in one character,

about which Faxon writes, p. 213: "The first and second

segments of the antenuule are of about equal lengdi, while the
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third segment is longei* than the iirst or the second hy one-half."

Unfortunately Faxon does not describe or figure the sixth joint

of mxp.' I think that the species will prove to be different

from S. incertus, iii. When Faxon states that 6 large pleuro-

branchise and one smaller podobranchia are present on each side

on the body, he cerlaiiily has overlooked the 6 lamellse, which I
have found in ;S^. incerius and the other species of the edwardsi-
group.

S. Iiamifer, Ale. & And., I will mention here, though I have
not been able to insert it in my tabular view. The description

(1894) and the figure (1895) plainly show that it belongs to this

group. As in mxp.' " the propus is four-jointed," the species cannot
be identical with S. edwardsi, Kr., but it is impossible for me to

settle whether it be really valid or synonymous with one of the
other species. Only two characters 1 have been able to detect,

viz. : that mxp.' seems to be still longer than in any other species,

and that its fitth joint is curiously arcuated (see the figure); but it

is difFicult to say whether these two characters are valid, for

instance, to decide whether the shape of the mentioned fifth joint

may not be due to some artificial cause. The species must be re-

examined.

As mentioned above, I have examined five older Mastigopus-

forms, four of which have been elsewhere described. The older

specimens, c. 10-15 mm. in length, are easily recognized from
each other, and some few characters shall be pointed out ; but the

younger stages are mofe dilficujt, being more spiny, &c., aud
besides the materials seen by me are rather insufficient, and the

animals difficult to characterize without the aid of figures. The
larvae are easily distinguished from all larva) in Group I. by the

elongated and vigorous mxp.'', and from S. sargassi, Ortm., by the
longer eye-stalks. In the old larvte the sixth joint of mxp." is

divided into 4 subjoints (the oldest larval stage of S. oeulatus, Kr.,

is unknown to me, so that I cannot settle whether its two distal

subjoints are divided as in S. edwardsi, ICr.), but the armature
on the end and on the interior margin is very different from that

in the adults.

S. oeulatus, Kr. —Kroyer has given a good representation (p. 243,

tab. iii. figs. 5, a-f) ; Bate has also described and figured it (p. 406,

pi. Ixxiv. fig. 1 ). Both Kroyer and Bate figure, in my opinion,

the eye-stalks a little too long. The rostrum is short, seen from
the side obliquely triangular, acute, and rather broad at the base

;

the abdominal segments are dorsally smooth —even in a specimen
but 6'5 mm. long —and on the ext. br. of urp. the exterior margin
is ciliated in the total or almost the total length (in a larva 10 mm.
long, c. -j-^, measured with .accuracy, of the length was naked).

By the combination of these three characters the older specimens
are easily recognized. The species is most decidedly the Mnsti-
gopus of S. edwardsi, K.T.—S. hruchyorrhos, K.T. (p. 272, tab. v.

figs. 13, a-h), is the young Mastigopus of S. edwardsi, Kr. I have
examined Kroyer's type specimen, which is about 4 mm. long.
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To his description it may be .idded that each of the four anterior

abdominal segmenis possesses in the median line on the inferior

side a protuberance or lobe, the three anterior of these ending in

a spine ; on the ext. br. of iirp. the exterior margin is ciliated in

# of its length, thus a very short basal part being naked, but no

tooth or spine is present.

S. v'ujllax, Stimps. —The description of Stimpson (p. 45) agrees

rather well with the oldest Misligojnis, and no other species

known to me agrees with it ; his animals were captured at the

Azores. Specimens c. 9-16 mm. in length are distinguished from

the related forms by the following characters : —The rostrum about

as in S. ocidatus, Kr., but perhaps a little larger, directed upwards
and forwards ; in specimens 9-10 mm. in length the apex is

produced into a short spine directed forwards. The eye-stalks are

very long, obviously longer than in S. oeidaUis, Kr. ; the eyes large.

In the antenn. ped. the first a,nd third joints are of about equal

length. The abdominal segments are dorsally smooth, yet in s|)eci-

mens 9-10 mm. long with very short spines or traces of spines on
the fourth, fifth, and sixth segments. On the ext. br. of urp. the

ciliated part occupies from | (in the younger specnnens) to more

than ^ (in the older specimens) of the exterior margin, hut the

spine is generally obsolete. The adult form is described above,

bearing tlie same name. —As already pointed out by Ortraann,

S. pamideivs. Bate (p. 409, pi. Ixxiv. fig. 3), 9 mm. long, is estab-

lished on younger specimens of S. vigilax, with dorsal spines on
the fourth to sixth abdominal i^egments. Bate's figure gives a

rather good idea of this stage. S. mncrophthalmus, Stimps. (p. 46),

is, in all probability, identical with the stage parvidens. Bate.

The smallest specimen seen by me (captured by Chun at the

Canaries) is (the rostrum included) 4 mm. long, and diifers con-

siderably in several particulara from the older specimens, but is

more similar to B. hracliyorrhos, Kr. The rostrum is about | as

long as the eye-stalks, its short basal part broad, and at its end a

dorsal spine, beyond which the rostrum is very slender. The
supraocular and the hepatic spines are considerably elongated. The
antenn. ped. extremely slender, only 2-iointed, as the second joint

is not yet separated from the first ; the third is not 5 of the entire

peduncle. The posterior margin of the carapace in the median
line with a slender spine directed obliquely forwards (this spine

is still preserved in specimens c. 8 mm. long, but then shorter and
almost perpendicular). Each of the 6. abdominal segments with a

dorsal spine, which is short and perjiendicular on the first two
segments, longer on the third, fifth, and sixth, very long on the

fourth segment. The epimera of the 5 anterior segments produced

into a short spine directed outwards ; the same segments besides

inferiorly in the median line with a lobe, which at least on the

second segment is armed with a spine. The very narrow ext. br.

of urp. with the exterior margin ciliated in scarcely more than j
of its length, and the spine is well developed. The telson very

short as in S. bntchyorrhos, Kr.
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S. penerinJci, Bate. —The specimen represented by Bate (p. 418,

pi. Ixxvi. fig. 3) is rather young, 8 mm. long. I have examined a

number of specimens, between 6'4 and 14 mm. in length, partly

from the Plankton expedition and partly from our museum.
Specimens from c. 7'5 mm. to 14 mm. in length are easily distin-

guished from those of the same length oE S. vigilajc, Stimps., by
having the third, fourth, and fifth abdominal segments —in the

younger specimens also the sixth segment —dorsally armed with
spines, which in larger specimens are shorter than in the stage

figured by Bate, but yet well developed ; the spine on the third

segment is almost perpendicular. lu older specimens the eye-

stalks are somevvliat shorter than in S. vigilax, Stimps., but yet

long. In the older stages the rostrum is much shorter than in

Bate's figure, but yet longer than in S. vigilaw, and its distal part

is slender and directed horizontally forwards; in the younger
stages it is tow-ards 4 or more of the length of the eye-stalks and
recalls somewhat that in S. incertus, m. (see below), but in

specimens that have attained the length of 8 mm. it is destitute

of a dorsal spine. In specimens c. G'4 mm. long the rostrum is

about half as long as the eye-stalks, with a very short dorsal spine

a little way from its base. In the antenn. ped. the third joint is

scarcely longer than the first. (In the young specimens the

anterior abdominal segments are ventrally armed as described by
Bate.) On the ext. br. of urp. the length of the ciliated part

varies, as in S. vic/ila,v, in accordance with the length of tiie

specimens, occupying from | to 4 of the exterior margin ; a tooth

is present in the younger, not in the old specimens. The adult

form is described above, bearing the same name.
S. incertus, m., is Ihe Mastir/ojms of the adult described above.

I have seen rather numerous specimens from 6'2 to 13 ram. in

length. They are more slender than the corresponding stages of

S. penerinhi, Bate, which they closely agree with in the antenn.

ped., the length of the eye-stalks, and the dorsal armature on the
abdominal segments. But they are easily distinguished from this

species by the ext. br. of urp., on which the ciliated part in all

specimens occupies scarcely | of the exterior margin, and the spine

is rather long. Moreover, the rostrum, which in proportion to

the length of the animal is from more than the half to scarcely ^
of the length of the eye-stalks, is rather characteristic : seen from
the side the basal part is rather short and directed obliquely

forwards and upwards, and then it suddenly becomes produced
into a slender and distally very fine spine much longer than the

basal part and quite horizontal ; at the distal end of the basal part

the ujjper margin is armed with ajine spine, which is very short in

the older specimens, and just heyond tuhich the margin is somewhat

concave in outline. In the young specimens the first two abdominal
segments are ventrally in the median line armed with a lobe

produced to a spine, and in these and even in specimens c. 10 mm.
long the posterior margin of the carapace is armed with an erect

spine.
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That the referring of this Mastigopus to the above-described

adult S. incertus, n. sp., is correct is proved by a specimen c. 17

mm. long, which constitutes an excellent transition. The rostrnm

has still essentially the larval shape, with a sliarp angle as the

trace of the dorsal spine betvi'een the obllfiiie basal and the

horizontal distal part, but the distal part is shorter than the basal

and its upper margin concave as in the true Mastic/opus. The

eyes about as in the adult, but still brown, not black, the eye-

stalks as in the adult. The sixth joint of mxp.^ essentially as

in the adidt, with 13 spines on the interior margin. The abdo-

minal segments are dorsally smooth. On the ext. br. of urp. the

ciliated part occupies scarcely more than | of the exterior margin,

and the spine is short.

S. arntatus, Kr. —Kroyer's representation (p. 260, tab. iii.

fio-. 6, a-e) gives a good notion of this curious larva. Here I

shall but mention some few essential characters. The rostrum is

about as long as or a little shorter than the first joint in the

antenn. ped., without any dorsal spine or angle. The eye-stalks

are of medium length, considerably shorter than in the larvae of

S. incertus, m., and S. penerinki. Bate. In the antenn. ped. the first

joint is in the older specimens ohviously someivhat shorter than the third.

Of the abdominal segments the second is dorsally armed with a

shorter perpendicular spine, the third to fifth with very long

oblique spines, much longer than in other species of the group, and,

besides, the spines on the fourth and fifth segments are much

curved. Sometimes a very short spine is present on the first

segment, and finally in the younger specimens a short spine on the

sixth. On the ext. br. of urp. the ciliated part occupies a little

less than f of the exterior margin, and the spine is well developed.

The largest specimen is 15-5 mm. long.

That this Mastiffopus does not belong to S. incertus, m., with

which it agrees in the ext. br. of urp., is decided by the shortness

of the first joint in the antenn. ped. in proportion to the third.

Thus the adult form is unknown to me. Unfortunately all the

specimens seen by me were captured in the Atlantic between

lat. 42° 5' N. and lat. 4° 5' N., but Bale describes and figures

(p. 401, pi. Ixxiii. fig. 1) a specimen, 8 mm. long, which seems to

be the same species, and the specimens seen by him were captured

at " Port .Jackson (Australia)," "north of the Sandwich Tsiauds,"

and " between Japan and Honolulu;" thus it may be possible that it

belongs to S. hulia. Fax., captured in lat. 7° G' N., long. 70° 48' W.
Of the 8 species enumerated at the end of the tabular view as

belonging to Group II., S. hamifer. Ale. & And., S. macrophthalmus,

Stimps., and S. hrachyorrhos, Kr., are mentioned in the notes. The

other 5 species are all larvfe. S. diapontius, Bate (p. 399, pi. Ixxii.

fig. 3), is very interesting, being 18 mm. long and easily distin-

guished from all other species of the group by having the second

joint of the antenn. ped. "twice as long as the first;" this large

larva, captured in the Atlantic, must belong to an unknown adult

form —thus we obtain at least 7 valid species {S. hamifer, And. &
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Ale, not included) of Group II. The 4 other larval species, all

descrihed by Bate, are established on very young specimens,

between 3"5 and 7 mm. long, and are probably all or almost all

but young stages of some of the species described above, but I

have not been able to refer them with certainty.

viii. Bemarks on Sciacabis and Petalidium of Bate.

To the genus Sciacaris, Bate, only one species, S. telsonis, Bate

(p. 438, pi. Ixxviii. fig. 1), has been referred, and this is a Mastujo-

j(tw-stage, which agi'ees so closely with Sergestes that I must

consider it as being the larva to a lSei-f/cstes-ii\)ecies, and in the

tabular view given above I have referrefl it to Group I.

The genus Petalidium, Bate, was established on one species,

P. foliaeeum, Bate (p. 349, pi. Ix.), which is very deficiently known
as the specimens were extremely mutilated, without legs and with

the iiropods broken off. But the branchiae are very interesting.

Bate ascribes its artbrobranchise to mxp.' and trL'-trl.', but

according to his analytical figure I believe them rather to be

])leurobraiichia) as in Sergestes ; besides, he mentions and figures

large foliaceous plates to trl.', trl.°, and trl.% answering to the

lamellae in Sergestes. I should not have mentioned this interesting

but very imperfectly known form if 1 had not met with rather

similar pleurobranchial lamellae in S. sanquineus, Chun (Sitz.

d. k. Preuss. Akad. d. Wiss. zu Berlin, 1889, p. 538, Taf. iii.

fig. 1).

According to a careful comparison between the largest type

specimen of 8. sanguineus, Chun. 9-5 mm. long, and Kroyer's

representation of his ;S^. ohesus, Kr. (p. 257, tab. iv. figs. 10, Or-f),

and the fragments of his single type specimen, the two species are

identical, and the name given by Kroyer must be adopted. The
largest specimen seen by me is a Mastigopus, perhaps not more
than half-grown. For the recognition of the species it may at

once be mentioned that several very characteristic particulars have

been figured : thus Kroyer figures the eye, the antennular peduncle,

and the uropods, and mxp.^ and the trunk-legs are represented by

Chun. Next I shall give a short description of the largest

specimen. The rostrum is rather short, considerably shorter

than the diameter of an eye, almost horizontal, slender, with a

dorsal spine at the basis. No supra-ocular spines, but the hepatic

spine and the gastro-hepatic groove are well developed. The eye-

stalks rather short, but the eyes nevertheless reaching beyond the

second joint of the antenn. ped., the eye-stalk with the eye, seen

from the side, inverted conical, and the distal part of the cornea

forming almost a hemisphere at the end of the cone —a shape

very different from that in the Mastigopus of Sergestes. The
antenn. ped. is short, the first joint much longer than the other

two taken together, thus longer than in any above-described

Mastigopus of the same length. Mxp.' very short, somewhat
longer thau trl.' and very little longer than trl.°; trV is almost 3
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times longer and its proximal half considerably more incrassated,

near and on the apex with some long setse and without the trace

of any chela ; on trl.^ a feeble beginning to a chela is found. The
relative length and the structure of mxp.' and trl.'-trl.^ differ

very mnch from that found in Serf/estes. The branchia) are very

interesting. A rudiment belonging to mxp." I do not dare to

interpret : above mxp.' and trl.'-trl.^ a small pleurobranchia and a

plate are present ; tlie plate above mxp.^ is a little larger than the

branchia, and the plates are much increasing in size from before

backwards, so that the plate above trl.^ is 3-4 times larger than

the branchia ; above trl.^ a rudimentai'y branchia. The abdomen
is rather clumsy, dorsally smooth ; the ext. br. of urp. with the

exterior margin naked in c. J-^ of the whole length, as the well-

developed spine is situated near the distal end.

The smallest specimen examined is 4*9 mm. long, and differs

from the described stage in several particulars of not much import-

ance —a somewhat different shape of the rather short rostrum,

a well-developed supra-ocular spine, trl.* and trl." only buds, the

branchiae not yet developed, a short dorsal spine on the fifth and

sixth abdominal segments, the spine on the ext. br. of urp. still

nearer to the apex, &c.

It is easily seen that this species cannot remain in the genus

Sergestes, but whether it should be referred to Petalidium, Bate, or

a new genus should be established for its reception is impossible to

decide with certainty. The branchial plates recall the plates

found in Petalidium, and therefore I provisionally transfer it to

that genus ; but we must call to our remembrance that the branchial

plates or lamellae may be much altered during the further gi-owth, for

instance they may be proportionally much reduced in size (cfr. the

curious reduction of the branchial laraelliB in S. henseni (Ortm.)

during its development from a Mastic/opus 6*2 mm. in length to

the adult form). Unfortunately the legs and the uropods in

Petalidium are quite unknown. The species, which must receive

the name of P. olesum (Kr.), is decidedly distinct from P.folia-

ceum, Bate.

ix. Geographical and Bathymetrical Distribution.

With one single exception all the species of Sergestes are only

found in the tropical and subtropical seas, in the Atlantic reaching

northward about to lat. 42°-43° N. The exception is S. arcticus,

Kr., which ranges to the seas at the southern part of Qreenland

;

but being distributed to the Mediterranean, and even to lat. 38° S.,

it is in reality no arctic species but a deep-sea form, with the centre

of distribution in all probability towards the northern tropic or

the Equator, and notwithstanding going c. 20° more northward

than the other alUed species.

The limits of the geographical range of the species are still very

imperfectly known. Above I have mentioned that some of Bate's

localities for S. atlanticus, M.-Edw., were uncertain, and that Bate's,
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Oi'tuiann's, and Faxon's specimens of S. edwardsi, Kr., must be

re-examined, as the species is collective; thus some of the localities

given in the literature of the subject are untrustworthy and
several others are, in my opinion, not quite certain. But the state-

ments given above as results of my own studies of the animals prove

with absolute certainty that at least a series of the species have a

very wide distribution : the Atlantic northward to lat. 23°-30° N.
and mostly to lat. 42° N., the Indian Ocean, and at least the most
western part of the Pacific. From the other parts of the Pacific

I have seen no material.

Bate writes on p. 352 :
" The species of this genus [Sergestes]

are chiefly oceanic"; and tliis is, I think, generally admitted. But
partly according to the foregoing investigation this statement

must be rather altered, for we must distinguish between the larvte

and the really mature forms. Almost all hnoivn larvce have been

taken at the surface. Yet it must be remarked that at least in short

distance from the shore some Mastir/ojyus-species generally are met
with in considerable depths. Tliis is proved by Prof. Chun, who
in 1889 (p. 538) writes on his "

-S". lonr/irostris, Bate": " Er war
der liiiufigste nller Scrgestiden [at the Canary Islands] und fand

sich regel.miissig in dem Inhalt der Tiefennetze Sel-

tener erschieu er an der Oberllache." Later on he captured

dilTerent larger Mastii/opus-atages of S. mediterranetis, m., and
S. arcticus, Kr., with intermediate-net (" Schliessnetz "), near

Lesina and Ragusa at 80, 100, 400, 500, and 500-600 metres, but

all the Mojitiffopics-steiges of S. arcticus, Kr., are not uncommon
near the surface in the northern area of the Atlantic.

While all the larvae, according to our present knowledge, are

essentially oceanic near the surface, the adult forms give another

result. I have accepted at most 14 earlier described mature forms

as valid spc-ies, and of these 8 species

—

S. inous. Fax., S. rohiistus.

Smith, S. japonictis, Bate (=8. mollis, Smith), /S. bisulcatus, Wood-
Mason, S. prehensilis. Bate, S. Icroyeri, Bate, S. ruhrnguttatus,

Wood-Mason, and S. hamifer, And. & Ale. —have only been
captured with trawl or dredge between 345 and 2574 fathoms.

The other 6 species must be treated separately. S. arcticus, Kr.,

is typically (see Metzger, Chun, and especially the long lists given

by Smith) an inhabitant of the deep sea, and only some younger
specimens with black eyes have been secured at the surface, and
one single really mature specimen (the type of Kroyer) in all

probability near the shore. Of S. hetiseni (Ortm.) 2 smaller

specimens (not 3, as written by Ortmann), the largest specimen

about 24 mm. in length, were captured with the vertical net

between 400 and m., while a much larger specimen (35 mm.
long) was taken with the trawl from 4000 m. The depth of

S. halia. Fax., is not recorded, as the specimens were taken with a

submarine tow-net ; and iiS. annatus, Kr., is the Mastigopus to it,

it is certainly no surface species, as S. armatus is not very rare in

the northern part of the Atlantic, where no adult form which can

belong to it has been secured. /S. atlanticus, M.-Edw., is very
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ooiDinon at the surface, but Ortmann communicates that it has

been captured in the intermediate net from 700-500 m.; and if

some of the specimens recorded by Bate (p. 390) as 38, 43, and 50
mm. long, and coming respectively from 600, 2150, and 345 fathoms,

really belong to this species, it grows considerably larger in the

deep sea, as no specimen from the surface exceeds 30 mm. Finally,

S. cornutus, Kr., and *^. edwardsi, Kr., are the only instances of

the 14 species which only have been captured at the surface (aiid

in vertical nets drawn up from 500 m. to tlie surface). In this

paper I have described the mature forms of S. vigilax, Stimps.,

H. J. H., S. penerinhi. Bate, H. J. H., and S. incertus, n. sp.,

which have all been captured at the surface. S. tenuiremis, Kr.,

H. J. H., and S. corniculum, Kr., II. J. H., are common at the

surface in the Mastigo2yus-sta,ges ; above I have described the

younger black-eyed forms of both species, also captured at the

surface, but the adult stages are quite unknown and must, in

my opinion, be true deep-sea forms. Of S. diapontius, Bate, and
S. mediferraneus, to., only the Mastigopits-forma are known, and
the adults are certainly inhabitants of the depths. (S. profundus,

Bate, from 1375 and 2550 fathoms, I omit, as the species is too

uncertain.)

Though we still know too little of the bathymetrical distribution,

it must, I think, be taken as proved that at least two-tidrds of the

species inhabit the depths of the sea when the animals have quite

ai-rived at maturity (or at least at their full length, cfr. S. atlantieus).

1 can say that with two exceptions —my single adult specimen of

S. incertus, m., and Kroyer's specimen of S. arcticus, Kr., —no
specimen exceeding 30 mm. in length recorded in the existing

literature or seen by me has been captured near the surface, but all

large specimens, from 30 mm. to 113 mm. {S. inous. Fax.) in length,

have been secured with trawl or dredge coming from a considerable

to a very great depth (345-2574 fath.). Faxon writes on p. 240 :

" There can be no doubt that the deep-sea Crustacea occasionally

come to, or very near to, the surface," and he communicates
several instances ; I think that, for instance, my single and large

specimen of *S. incertus, m., 47 mm. long, has been secured on such

a visit. It is evident that the animals as true swimming forms do
not live on the bottom itself, but, I presume, in the water-

stratum just above it.

As will be seen from this paper, our knowledge of this rich and
curious genus is still rather imperfect. A good monograph, based

on the study of the collections in the seven or eight museums which
possess materials of importance, would be extremely valuable

and elicit numerous new facts ; and future deep-sea expeditions,

making use of the trawl, intermediate net, vertical net, and surface

net, would be sure to discover new species and especially enlarge

our knowledge of the metamorphosis and distribution.


